Complementary DNA (cDNA) clones specific for phospholamban of sarcoplasmic reticulum membranes have been isolated from a canine cardiac cDNA library. The amino acid sequence deduced from the cDNA sequence indicates that phospholamban consists of 52 amino acid residues ,and lacks an amino-terminal signal sequence. The protein has an. inferred mol wt 6,080 that is in agreement with its apparent monomeric mol wt 6,000, estimated previously by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Phospholamban contains two distinct domains, a hydrophilic region at the amino terminus (domain I) and a hydrophobic region at the carboxy terminus (domain II). We propose that domain I is localized at the cytoplasmic surface and offers phosphorylatable sites whereas domain II is anchored into the sarcoplasmic reticulum membrane.
Introduction
Protein phosphorylation catalyzed by cyclic AMP (cAMP)-dependent protein kinase (EC 2.7.1.37, ATP:protein phosphotransferase) has been postulated to play a pivotal role in the regulation of excitation-contraction coupling of myocardium (1) . In canine cardiac sarcoplasmic reticulum (SR)', an integral membrane protein termed phospholamban (2) serves as the major substrate for phosphorylation by a cAMP-dependent protein kinase. This protein was also reported to be phosphorylated by Ca2+, calmodulin-dependent protein kinase (3, 4) , and protein kinase C (5). cAMP-dependent phosphorylation of serine residues in phospholamban (6) is associated with a marked stimulation of Ca2+ pumping function by SR (7) (8) (9) . A similar regulatory mechanism is considered to mediate fl-adrenergic inotropie effects of catecholamines in myocardial cells (1) . Phospholamban was suggested to exhibit a unique molecular assembly in that the holoprotein of 25-27 kD may consist of five monomers (10) (11) (12) . The oligomeric form was thought to be 1. Abbreviation used in this paper: SR, sarcoplasmic reticulum. stable in sodium dodecyl sulfate above its critical micelle concentration at low temperature, with the probable molecular size of the monomeric species being 5-6 kD (12, 13) .
When phospholamban purified by our method (14) was subjected to sequence determination, we identified 35 consecutive amino acid residues starting from an Na-acetylated methionine (13) . This enabled us to isolate and sequence the complementary DNA (cDNA) clones encoding canine cardiac phospholamban. This paper describes the molecular cloning and complete amino acid sequence ofphospholamban deduced from cDNA analysis.
Methods
Construction of a cDNA library. Total RNA originating from cardiac ventricular muscle of adult dog was extracted in 4 M guanidine thiocyanate buffer as described by Chirgwin et al. (15) . Poly(A)+ RNA was prepared by twice subjecting the total RNA preparation to oligo(dT)-cellulose column chromatography (16) Screening of the cDNA library with oligodeoxyribonucleotides. 32 oligodeoxyribonucleotides composed of all possible complementary sequences predicted for a partial amino acid sequence Glu 19-Met-ProGln-Gln-Ala 24 of phospholamban (13) , excluding the third nucleotide residue of the alanine codon, were synthesized by the phosphoramidate method (18) . To isolate cDNA clones for phospholamban, the cDNA library was screened by colony hybridization with the 5'-32P-labeled synthetic oligodeoxyribonucleotide probes described by Wood et al. ( 19) .
Results and Discussion
Isolation of cDNA clones. A canine cardiac cDNA library was screened by hybridization with a mixture of 32 synthetic oligodeoxyribonucleotide probes as described in Methods. Three hybridization-positive clones were isolated from about 3,000 transformants. Recombinant plasmids from selected clones were digested with various restriction enzymes and electrophoresed in agarose gel to determine the size. All these plasmids contained the same size insert of -800 bases with the same restriction maps, suggesting that they were derived from the same mRNA. Among these three plasmids, one plasmid termed as pPLJ31 was sequenced according to the strategy indicated in Fig. 1 .
Nucleotide sequence of cDNA. (28, 29) suggested that domain I consists of an a-helix (Fig. 3) . In view of an unusual behavior of phospholamban molecule (10, 1 1), it is intriguing to ask whether this helix breaks into two portions, possibly at around Pro 21, thus allowing side chains of each to express hydrophobic interactions (29) given residue (26) . 
